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optical substrate in accordance with the preanble of claim1, a nethod
for producing optical substrates in accordance wth the preanble of claim
17 and a device for applying 15 optical layers to a substrate for carrying
out the method. As optical signal-processing and transm ssion
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transn155|§n g} Qh %gggtlgg S séfgﬁg%xnulnental or trunk lines, as
well as inlo P net e I'umrange networks, there is an ever-

growi ng demand for optical devices for influencing and controlling the

pr opagati on obegeglgtggh which carries 25 the information. An inportant

basi ¢ conponen al signal - processing and transm ssion technol ogy
is the optical substrate, which generally conprises a support which 30 has
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tion when used

substratq and as tfe g mum, p055|b e absogg
transni ssiton PRUTRET wWSYESERGERST a us@BPaERhBFal B3R oﬂ??ﬂo%mref©pt|ca
produc1ng them, and specifically to an optical
substrate in accordance with the preamble of claim 1, a
method for producing optical substrates in accordance
with the preamble of claim 17 and a device for applying
15 optical layers to a substrate for carrying out the

method.

As qptical signal-processing and transmission

~ technologies start to be used at many levels, such as

20 for example for transmission of high data rates on
intercontinental or trunk lines, as well as in local
networks and medium-range networks, there is an ever-
growing demand for optical devices for influencing and
controlling the propagation of the light which carries

25 the information.

An important basic component of optical signal-
processing and transmission technology is the optical
substrate, which generally comprises a support which
30 has been machined with a high surface quality, 1is
itself also known as a substrate and has the minimum
possible absorption when used for transmission in the
wavelength range used. Generally, one or more optical
layers which, depending on the particular application,
35 range from simple reduction of reflection with just a
few layers through narrow-band filters with systems
which comprise more than a hundred layers, are applied
to a substrate of this type. To avoid losses, these
layers should present the lowest possible absorption
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| ayers whi ch, depending on the particular application, 35 range from sinple
reduction of reflection with just a few |layers through narrowband filters

Wi th systems which conprise nore than a hundred | ayers, areZQpMAquﬁ to a
substrate of this type. To avoid | osses, _these |ayers should present the

| owest possi bl e absorption *coneoa* 2 9 RMAR 2005 - 2 and a hi gh surface .
. centers. '

quality with the m ni,num possible n er of _scatterin At is
known to use aéﬁit?eﬂ pglé’éggg%s,q yaswff)g LR e AN BUR h @ ORSd Bl cesss,
to produce i mualderr erft scyitienalng ayertsewdi ch, by changing the refractive

i ndex, effect nmultiple-beaminterference of the reflected and/or
transmtted |light. However, a drawback of this nethod is that it is often
difficult tolIdseismkaowal stdOueki ciputdlarigonpbeoeegses; ncaiah raest for
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required.in B8RP ofetHRNSIEEERd eddpht . dlawssifdly ®i AEAUBRSNi g £BaRI dati on
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of a DWDM substrate, is so slo it takes nore hour's T
batch to be fprocesamalandiakxiyualainey eferedo CHfdffenPrgsentoninol and

adj ust ment peeegeHh Bmet @l COPHIPAItIGHNCIn the applied layer, since
15 reaction partners, 'such as for example oxygen, cannot
be supplied in sufficient quantities on account of the
low wvacuum required in this method. As a result,
extremely time-consuming reoxidation steps, heat
treatméhts, are required, which have a highly adverse
20 effect on costs. However, without reworking steps éf
this type, residual absorption centers often make it
impossible to use these substrates. Furthermore, the
process rate of the APS method in the case of case of
_ optical multiple-beam interference substrates, for
25 example in the case of a DWDM substrate, is so slow
that it takes more than 16 hours for a batch to be
processed and its quality checked. Consequently,
control and adjustment procedures for optimizing the
method are also extremely time-consuming.
30
Furthermore, a particularly drastic drawback consists
in the high mechanical stresses which are produced in
the surface of the substrate as a result of the layer
application using the APS method. To .be able to obtain
35 any economically viable yields at all, it is necessary
to use substrates with a layer thickness of-more than
10 mm, and these substrates have to be machined down to
their subsequent final thickness of 1 to 2 mm on the
rear surface after the surface coating has been



met hod are also extrenely tine-consumng. 30 Furthernore, a particularly
drast.i ¢ drawback consists in the high nechanical stresses V\hiﬁé’ﬁhems
produced in the surface of the substrate as a result of the lay
application using the APS nethod. To be ahle to obtain 35 any econonically
~viable yields at all, it is necessary fo3uSe substrates with a | ayer
t hi ckness of nore than %P,nn] and-tEese substrates ﬂﬁge 19 be nach%ned
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endangers the |ayer_system applied_but _also creates f ur f
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substrate surfargss Adthoemh the subsegeatsyrpabesshed PCT application
PCT/ EP 00/96518, gives an indication of the use of a plasma-induced CVD

method to. build up interference-. optical |ayer systens, no details are
given as to tHeti®ugtt ertited s swiissusnt e lméufmme%s PeT t RPPRERaRieal

and hygr 0scopi&-rape b/ egsel i fesubh £Razesuenhl joi ! che alsebigrotaof
the present invention to be able to produce optical substrates within a 15
shorter tine, Rifsnantigiest b&ky Wﬁ&goﬁhe§@'sﬁﬁéiaatﬁg LHRF e hPRFeT abl y
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or it to_pe paossible to process a substrate havin ubstantial ly. e
final di n%&si el"ﬁrao]quhBBEc hEBNtPF e WoEGUeMR 57 gbgtﬁzlema %%ﬂ’dé,xll%ggr der
‘to rule out suskduentostanmige gpropatieidayeniclysresndhd additional sources
of interference right fromthe outset. Furthernore, it ‘is desirable for

.it .to be possible to use materials with a h%%h refractive jndex,, such
as for exanpl €ansssiughtaid the 125 msebirate @ NOREB WHESEHasl hEeptlon
introduced intQ, tRR apble to produce optical substrates within a

15 shorter time, the intention being that these substrates
should preferably have significantly ipwer - surface
stresses. Furthermore, it is desirable for it to be
possible to process a substrate having substantially
the final dimensions throughout the entire sequence of

20 the method, in order to rule out subsequent damage fo
the léyer system and additional sources of interference
right from the outset. Furthermore, it is desirable for
it .to be possible to use materials with a high
refractive index, such as for example niobium and the

25 associated Nby0s which has been introdﬁced into the
dptical layer, in order to assist with designing
dptibal layers and to promote the effectiveness.of the
filtering action of the optical substrates.

30 'The object is achieved in a surprisingly simple way by
an optical substrate having the features of claim 1, a
' production method having the features of claim 14 and a .

production method having the features of claiml5.

35 Highly surprisingly, the inventors have diécoyered that
the presence of halogen atoms or compounds in the
optical layers of the substrate apparently leads to a
significant reduction in surface stresses. Although
hitherto the inclusion of halogen atoms or compounds in



optical layer, in order to assist. wth designing optical layers and to
pronote the effectiveness of the fil terlng action of the optix®lyar 2005
substrates. 30 The object is achieved in a surprisingly sinple way by an
optical substrate having the features of ,claim1, a production nethod
havi ng t he features of claim14 and a production met hod havi ng the
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15 ensure increased mobility of the species to be applied
at the substrate surface or at layers which have
already been applied to the substrate, which leads to
the species deposited still being able to move to an
energetically favorable point after it has come into

20 contact with the surface. With regard to the layer
which is to be applied, this means that it can migrate
into a region which generates fewer stresses or strains

in the surface.

25 Furthermore, similar optical layers, when there is a
certain proportion of halogen atoms or .compounds
present, in relative terms have a higher optical
density, which 1is attributable to the fact that
vacancies which remain can be occupied more fully by

30 the species to be ‘applied on account of the increased

surface migration.

The proportion of the halogen atoms or the halogen in
the " halogen compound in the layer applied to the
35 substrate advantageously amounts to no more than 5
percent by weight, based on the material of the layer,
and this proportion is particularly advantageously less
than one percent by weight. Interference layers which
have been applied to an optical multiple interference



in the surface. 25 Furthernore, simlar optical |ayers, when there is a
certain proportion of hal ogen atons or conpounds present, in relative
ternms have a higher optical density, which is attributable to 2 AeMAR, 2005

that vacancies which remain can be ocgu§ied nore fully by 30 the species

to be applied on account of the increase ", surface m gration. The
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mechani cab stresses and therefore scarcely any stress-induced
bi refringenc s well_as a, gopd-ho epeity and .a high . optical density
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changes whi ciFR&g <5 o cepositedby in |ayer systens was highly
advant agegus for the layer design. On account of the advantages 15
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the layer design. On account of the advantages
15 described above, - it was possible to produce optical
multiple interference substrates as optical cut-off
filters, band—pass filters, gain-flattening filters and
WDM  (wavelength division multiplex) filters, in
| particular as DWDM (dense - wavelength  division
20 multiplex) filters, quickly and with a high surface
quality. ' ' 2

The method used to produce optical substrates of this
- type was preferably a PACVD (plasma assisted chemical
25 vapor  deposition)' method, which in a particularly'
preferred embodiment was a PECVD (plasma enhanced
‘ chemical vapor deposition) method Iand in the most
preferred embodiment was a plasma impulse CVD method,
in which precurser gases with a halogen compound were

30 used. '

In this 'method, preferred method -parameters. were a

pressure of from 0.05 to 10 mbar, a substrate

temperature of appreximately 100 to 600°C, an NbCls

35 concentration of from 0.1 to 50% in the precursor gas,

an HMDS (hexadimethyldisiloxane) conéentratioh of from

0.1 to 50% in the precursor gas, a mean microwave power

of from 0.01 to 20 kW and a gas flow rate of from 50 to
10,000 sccm. |



quality. The nethod used to produce optical substrates of this type was
preferably a PACVD (plasma. assisted chem cal 25 vapor deposition) nethod,
which in a particularly preferred enbodi ment was a PECVD (ppasymr emganced
chem cal vapor deposition) method and_ig the nost preferred enbodi ment was
a plasma i npul se CVD nethod, in which precursor gases with a hal ogen
conpound were 30 used. In this nethod, preferred nethod paraneters were a
pressure of from 0.05 to 10 nbar, a substrate tenperature' of
appr oxi nat eldy 1WArtcwbodly anpRefasred ceaEentfat MEHFIGA f RAKAMELE QLS 50% i n

the precursqi,gas;sedn 4IMIS-&Hexadi nethykdbai | 0xane) teongentysdd on pf from
0.1 to 50%in the precursor gas, a pean n1ctomavi pﬂﬁ%r. f ffomO0.01 to
20 kKW and a SHRSEI3RE rEREPFA e 8 2BPrepingbesdcmr2te 30036 A

particul grl wyrref @oméiata tdformeshodrpar amet e/ S5Eonpricsed prayiasdr e of
fromO0.01 to 1 nbar

i - ubstrate t ratuce of approximately 150 to 300C,
an 5 Nbd 5 &hiverft? a‘i‘”ﬂ%%go?h?%‘ﬁﬂ%’@?gg%d%%lﬁﬂXFHS?pFQ&SFE‘EFat 828 % HVDSO
(hexadi met hyAxbnsi0 @GNE) rohcemtthadi ppeohirsbroged, 25 meabS%iardware |
precursor gas mean-mcr v fro 5 a J%ﬁ§ flow
rate of fro dwlegi) ?% E%‘@ g\({:\@m%()l?% F%If)‘gt ap;Beafose:fr%%weﬁ%g%i %gntaf or
carryi ng outlQtheo rdiG{bdsams. operated at a pressure of approxi mately 0.2

mbar 1986 a substrate tenperature of approximtely 200C 10% an Nod 5
concentration of 15 approxinmately 2% 10%in the precursor gas, an HVDSO
né r

(hexadi net hyll@ sfMestanBF SEEREERL r STPOALBENBppF oki A BT YA NB06O 00650 t he
precursor gagthdbdeadsT epewaredpoder a Ofpgyund maifel wpdroxkiWatkQ% and

wi th a gas QL%Wﬁggfa t 10%, a substrate temperature of
approximately 200°C % 10%, an NbCls concentration of

15 approximately 2% * 10% in the precursor gas, an HMDSO
(hexadimethyldisiloxane) concentration of approximately
3% + 10% in the precursor gas, a mean microwave power
of approximately 0.5 kW + 10% and with a gas flow rate
of approximately 500 sccm * 10%.

20
With the sets of parameters described above, it was
possible to reduce the process speed compared to the
APS method from 16 hours to less than 1.5 hours with
the PICVD method, so that faster controllability and a

25 resultant lower scrap rate became possible.

Furthermore, in a particularly advantageous way the
deposition was carried out directly on substrates
having substantially the final format thickness. The
30 only change in the layer thickness consisted in the
increase in thickneés resulting from the deposition of
the optical substrates. These substrates already had
the wedge angle desired for their subsequent use and
were substantially free of additional mechanical

35 disruption.

A further advantage which is particularly important for
the reproducibility of the method, in the case of the
PICVD method, also consists in the fact that, on



of approximately 500 sccm 10% 20 Wth the sets of parameters descri bed
above, it was possible to reduce the process speed conpared to the APS

method from 16 hours to less than 1.5 hours with the PICVD netfhqpg 5ot hat
faster controllability and a 25 resultany Lower scrap rate became ‘
possi ble. Furthernore, in a particularly advantageous way the deposition
was carried oulcc iyt by 0BusYRBY Eat BFecHAYLPY SABSEantd Al ysnlrgggf-i !
format thickness. The 30 only changeﬁi%ctﬁe Faﬁgr t%igines co Hsegg in
the increase H®4eni eRndiS NEES t FAg 9RYM the dERESPEREACofduhry opthical

substrates. Thesiuwthelr HPrecaddd caly fndrebhierygdogcanghkanges rqd ftgfe t heir
re substantially freé of additional mechanical 35

subsequent us nd .
di sruption. A rﬁﬁg$gﬁhﬁéh5§ Wil (o (GRangs | 25 9pbriatRrIaks - t he
reproducibglity of the nethod, in the case of the PICVD nethod, also
consists int fact _that. on - 5 9, MAR 2005 accqun f suitable
precur sor gasgg‘ebe%rh‘ée%%%rf‘i L f J?%%’Féb?g 10e) r‘f&%ﬁetcﬁleg"ﬁe‘br ?Wl%f?‘écé’&ltg‘cl e
during the predecence prooqessfemsed sembodimed:sf andexanptiee basibeofAPS

met hod in ordepct Ll ar t arge eri.als. The invention is
described in nn?egggfgﬁﬁgbgﬁgﬁa%ﬁfﬁ l%e éﬁg%%e to preferred enbodi nents and

on the basis of the appended draw ngs, in mh!ch:.lo'Fig. 1 .
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Fig. 2 shows a |agrannat|§aLI§ deglcted excerpt fromthis apparatus in
the region of the recePthel étEnHetReaFPe ¥&-generators, Fig. 3 shows a

di agrammatic side view of the

Fig. 2 shows a diagrammatically depicted excerpt
from this apparatus in the .region of the

15 . receptacle and the microwave generators,
Fig. 3 shows a diagrammatic side view of the

receptacle, and

20 Fig. 4 diagrammatically depicts the spatial
formation of the microwave plasma within the

receptacle, in a front view, and

Fig. 5 ~ shows a diagrammatic cross-sectional
25 illustration of an optical substrate having a
multiplicity of interference-optical layers.

The text which follows will first of all describe a
preferred embodiment of an apparatus for applying
30 optical layers, with reference to Fig. 1, which
diagrammatically depicts the main assemblies of this

apparatus.

The apparatus according to the invention comprises a
35 receptacle in the form of an evacuable chamber 1, in
which a substrate holder 2 is arranged, to'which an
optical substrate 3, which is illustrated in more
detail in cross section in Fig. 5, can be secured by

means of its rear side 4.



receptacle, and 20 Fig. 4 diagrammatically depicts the spatial formation
of the mcrowave plasma within the receptacle, in a front vie 9 @Qf @B
Fig. 5 shows a diagrammatic cross-sectional illustration of ah o &
substrate having a multiplicity of i nt_egfgr ence-optical layers. The text
which follows wll first of all describe a preferred enbodi nent of an

appar atus for ' I cal w th_refer 0. Jrls 1,. . which
di agr anmat i cglhl%eal(%dp#gcta:s)&ﬁ?g n%?ncgﬁgégf?’es%g tshl éﬁﬁggggr gf’l}%h'Thlen
appar at us accondiungtion Helthvehei 85sociptieses sttt eEcepnash e fiarmshe form

of an evacuab) ef%@ Efide EBrWGRASUDSIAL e HOLAR o ItenhdRfd O
which an optical substrate 3, which is illustrated in nore “detail in
cross sectiodHTl Has gengiatpe Secuvletchy inndahd o si ded L &idéovr. 2 9
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conjunction wth the associated systemof lines, fornms . a feed device for
process gase®IAESE MIGrHERFerdd tQ he FRERIRS R o+ 6, vihich in turn

is fed by a low 5 tenperature (LT) gas generator 7 and in this way feeds

process precursQr ses to,_the receptac 1, Furthe he r.eceptacle 1
I s connect ed%u\ﬂ% © norc?dtlg 8 5§Se§£§§;igernlofl?i nceogrg\%?et&é’for‘;rﬁeaa %ls"scharge
10 devi ce fopudilethdt gang pr syetemasslinesawhigh stcrm agdiwkhelrge

o L SoR oy ROl BT IS dpS0ger b0 bipafe stam
1 even when2pr #dcSocFPHHRe Rpfde P et kARG gNaLppr RERUM1BUTRE / pdftp st and
9 may conpri gederPhl dld tap1ef HPABintain a pressure of from 0.05 to

10 mbar stably and adjustably in the receptacle 1 even

when precursor or purge gases are being supplied.

15
The pump stand 9 may comprise a plurality of Roots
pumps or other suitable pump systems for generating the

corresponding vacuum,

20 The gases pumped out of the receptacle 1 are passed on
from the pump stand 9 to a scrubber, in order to

minimize environmental pollution.

A monitoring detector 10 and a monitoring light source

25 11, which form an optical monitoring device, are
connected to the receptacle 1 via windows which are
arranged in a pressuré-tight manner in the housing of
the receptaéle 1, in such a manner that light which is
emitted by the monitoring lighf source 11 is

30 transmitted through the optical substrate 3 and an
opening 12 in the substrate holder 2 and passes to the
monitoring detector 10 which, when monochromatic 1light
is used, with progressive layer growth on the substrate
3, records changes in the intensity of the light

35 transmitted and in this way makes it possible to
control the layer thickness growth,

The text which follows refers to Fig. 2, which shows a
diagrammatically illustrated excerpt in the region of



punps or other suitable punp systens for generating the corresponding
vacuum 20 The gases punped out of the receptacle 1 are passed on fromthe

punp stand 9 to a scrubber, in order to mnimze environmeng EMARIOEDhiU“ on.
A nmonitoring detector 10 and a nonitoring Light source 25 11, which form
an optical nonitoring device, are connected to the receptacle 1 via w ndows

whi ch arfa armgedcﬁptacméegsuaﬁdt i@ttmc\hmrchﬁdwatm b@uakago@fsh dre

receptacle 1,.in sych.a manner that, light ichis mtte t he

noni toring | if&?rm % 14 3% %%S?erdL%ng?t g8et Ar ST eogleid)c/t[ﬂr sibrstrat e

3 and an opetiirgh BXther htormubgtanat eofiotHer s@bandapassed dex tther is

noni toring det el n ochromatic light__is used, w.th

progressive %g%%ﬁnoc%erdé&k%en hé@@ugg{gﬁag‘e ma_rgm,err eé%%%saihﬁn§§§’l“ilﬁ tHe

i ntensi tySof itshe poghibB6 t rtamsntonedodnd e t hitempmyraslkes | 0f postiebl e to

control the | icknegsy or : iC ol baws refarns . to Fig.
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2, which shows a i agramatic at ed excerpt in e region of -

2 9 MAR 2005 ahi@istéddpracl ePTeirgabilyt he withénave generzangs androir om
which it is B@%ﬁ:‘o@di@xatt‘élgﬁel@_osu9§tr§©@°«5,eat€<5 12, vaieh gistder 1fiigms part
of the substrat ,holé_—gler‘ or is_ arranged thereon, in such a manner that as
aresult it YItdin,Lbls dnter¥Sdtrol the tenperature of the substrate, and

this tenperature can be stabilized adjustably, preferably within a range
nterval . 10 NECCutRe SoyteRes iy, Ty 4FrANeEd ohEitHEr ER8E 6T the
substrate holttier subatiraheh hpideat &€ t hedr eanh neneneive fhihedid woiwah
3?;; 'r err:‘rgt P::Qijiécfb%aiv@t 0 £iRA 4 " GRERIACIS de i 261 FANpPE 1 SEEN THOE T REe
receptacle 1, as can be seen from the diagrammatic
15 front view present in Fig. 4 by means of the lines 15
and 16 which delimit the microwave field. These lines
approximately describe a field drop in the microwave
field to a value below which a plasma-induced reaction
can no longer be expected as a function of the other
20 method parameters. In order, however, to enablé the
microwave energy to be fed into the evacuable chamber
1, the latter  has lateral microwave-transmitting
windows 17, 18. The diagrammatic side view shown in
Fig. 3 illustrates the position of the left-hand side
25 microwave window 17 relative to the inlet nozzle 19 of -
the inlet 5 and with respect to the substrate holder 2
and the optical substrate 3.

The production of an optical substrate 3 is described
30 below with reference to preferred method sequences.

First of all, an optical substrate 4 which is of
substantially its subsequent use thickness is secured
to the substrate holder 2. The starting substrate

35 generally has a base body 20 which consists of glass or
quartz glass and to which the optical layers.21 to 29
of an optical layer system are applied in succession.

That surface of the substrate which is to be coated



15 front view present in Fig. 4 by neans of the lines 15 and 16 which
delimt the mcrowave field. These |lines approximately describe a field
drop in the mcrowave field to a value bel ow which a pl asgra-induced
reaction can no |onger be expected as a function of the ogﬁew\&@ﬂﬂﬁret hod

paranmeters. In order, however, to enablelOhe m crowave energy to be fed

into the evacuabl e chanber 1, the latter has latera

m crowave- t r aRggiferangy wiasdonesidual sungiendesgr axmatrougbndesviminiichhown in
Fig. 3 illustrgteasthe gesiitdon - &hqhhest efdertand sid ,Croy@ye w ndow
17 relative to the inlet néizler1990$ ?thé&inlét_ggagﬂéﬁfgﬁprespecgy%b t he
substrat e hol Y8vezengkh e thst irddliadien rmtiects. ighauppeduenton olsedn

optical substiake 34 speeserabed s3@11Re! avman th sefsr ence tp?q.prf’*% et ed
met hod se ences.,Flgst of all, an optical substrate 4 which is of
substant i a | yPPESISHABELHerb T GERT FAF cliRE s TUTMEF ©d daRFhthe Ofubshiat e

hol der 2. Thetgpar tiggbeullsis=at €nhdh qoney ably @D ackasthdogduveRenhigh
consi sts of gl | ass _and tp which the, optical s21 to 29

of an opticaluggée%ﬁgbgeﬁgééﬁ%&%pgpiéﬁ’i e§ﬁtg€§§¥ogtféh8F S ﬁf@éeuﬁf t he

substrat e whi Eenssnelbercoatigtin2s8 MaRtBBOTan HLsqried eisdd yahashaesi dua
unevenness or whi gk in I of its rou ss dept is_smaller
t han t he mav% gﬁg?ﬁ8§§ thegpg iati%%g%ﬁﬁbh iéxéubsggﬁgntlysgggﬁ?rlpge. is
pref erablly sneReEacEprhstiesopnd. bhenguality 8fpahei dayamsy appdfiedr.ed for
roughness depths of this type to be less than 1/10 or 1/20 of the

wavel ength used and therefore to be | ess than 0.15 or 0.075 pm Even

smal | er rough@REGERY h8 c&hCalldy Sfe IRTHIBNILAKGES AiN&h AFELIR tPR€ egar d
to the scattesnoghdp thaeachechsti havand i€ feuRldt rof rddiei dayeigeapp! i ed.
Dependi ng on e r .desi | ayers whi ch adjoi ne .another in each
case have a d%?f8%§§? ﬁgfﬁgggiﬁé nééx?ro bt de ined phase spift

15 of the wave fronts and a defined reflection at the

refractive index transition.

After the substrate 3 has been secured to the substrate
holder 2, the receptacle is evacuated and then supplied
20 with the process gases. According to the invention, the
precursor gases used are halide-containing process
gases and preferably HMDSO, hexadimethyldisiloxane, in-
a concentration of from 0.1 to 50%, preferably from
0.25 to 15%, and most preferably in a concentration of

25 approximately 3% + 10%.

As a result, after the process gases have been
.supplied, a plasma which can be ignited'by microwaves
is formed in the evacuable chamber 1, this plasma

30 defining the quantitative deposition on the base body
20 in each case and formation of a layer 21 to 29 by
means of the temporal duration of the microwave field
and the quantity of reacting process gas supplied.

35 If NbCls is used as precursor gas, it is possible to
use an NbCls concentration of from 0.1 to 50%, but a
concentration of from 0.2 to 5% is preferred and a
concentration of 2% * 10% is most preferred.



in order in this way to produce a defined phase shift 15 of the wave fronts
and a defined reflection at the refractive index transition. After the
substrate 3 has been secured to the substrate holder 2, th@f}éﬁﬁﬁmmtle is
evacuated and then supplied 20 with the process gases. According to the

i nvention, the precursor gases used are halide- containing process gases

and preferabl i i S| ntr.atjon f from
0.1 to 50% p?e?ergb ?é% még%é%i &fég)éﬁandl Sggpérgabl y |°n the
concentrati oneWCUQBlﬁpm*‘@mbﬁaﬁ ely reos QO%Saﬁslea m@gm tpowdx eoft hércpmocess
gases have begnoi. s4pid ey an,asim \ah'ﬁ%f‘&fk&? éﬁﬂb&mehx Mcronayes s

formed in the evacuabl e chanber ‘1, this plasma 30 defining the dquantitative
deposi ti on orP tf& pRYE B@dfhgﬂm?$ﬁeﬁéﬁf§5§édaﬁ@bpéﬂﬁﬁﬂﬁo@(ﬂlQ¢¢%@%¢ 21 to

29 by neans pdwéheof eaporakimataly oo, of kwhe mpgrowave field and the
gquantity of reacting process gas supplied. 35 If NbCl5 is used as precursor
gas, it is possible to wuse an NbCl 5 concentration of fromO0.1 to 50% but

a concent rat’Jl‘hm pf:e&tmmoe galso £D6w srptekeraed Ndad; us08geRtifdliinom of 2%
10%is nost pr rrg %ﬁb 0, %6 The nlcrogave pomer |ch
r adi at ed |ntoaf vacua‘?ﬂle harbet O PR s aBRE i pRikst e‘o"'fr?
0.01 to 20 kWwemston nof phef meﬂ:bddem:r@dllrﬁéhtto 02000 oscbmkWpulhutini rtHehe m)st
pref err edoenboaimente fe 1 & oane/@dlcﬁerp@ s Cbo@PREaIRieLy 0.5 KV 10% The

precursor gas flow rates can be adjuste ina range of fromb50 to
10,000 sccm and in a preferred version of the nethod are 100 to 2000

sccm but inAdhean 1ﬁlﬂ@§haaieéetbed:hqrmq¢ie¢em’tt al e 5@9089@%1&@%’ £ an
alternative ﬁﬁ&fhlorln possi ble for fluorine, brom ne and/or

i odine or a W%t e?ﬁ%’g%nehé‘lngéé’ﬁs FPF 1 31 & JUFt Tt Phe th@Seos t o

be used in halogens in suitable quantitative ratios to be used in
15 the precursor gas.

In this case, however, the process parameters are set
in- such a manner that the proportion of the halogen
atoms or of the halogen in the halogen compound which
20 is applied to the substrate 20 in one of the layers 21
to 29 amounts to no more than 5 percent by weight and,
in a particularly preferred embodiment, to no more than

1 percent by weight.

25 As an alternative to niobium, it is also possible to
use tantalum. Furthermore, it is also possible, in the
case of different layers, to use niobium for a first
layer and tantalum for a second layer, depending on the
corresponding layer design, so that in these layers

30 ‘niobium oxide Nby;0Os and tantalum oxide Ta,0s are
respectively formed, preferably in a stoichiometric
ratio with relatively low absorption and a small number

of scattering centers.

35 By suitable selection of the layer design of the layers
21 to 29, the number of which has been given as 9
layers in Fig. 5 purely by way of example, it is
possible to produce cut-off filters, band-pass filters,
gain-flattening filters and WDM (wavelength division



15 the precursor gas. In this case, however, the process paraneters are set
in such a manner that the proportion of the hal ogen atons or of t he
hal ogen in the hal ogen conpound which 20 is applied to the sy 'ﬁé@ 20 in
one of the layers 21 to 29 anmbunts to no nore than 5 percent by 6

and, in a particularly preferred enbodinent, to no nore than 1 percent by
wei ght. 25 As an alternative to ni obi um 1% "rs al so possible to use
tantal um Furthernpre, is.also possible, in the case of different

| ayers, to usé“%@ﬁ?ltﬁﬁ)forfhl‘f—ﬂ%t angy erithndP? BRi GRLATT orDWzE’Msecbfiﬁi‘ﬂQayer

dependi ng on there IAgtas PG NG drdY Giu e Wik ) SOfltmérs nyhase d aygrigh 3
ni obi um oxi de Np2 and ta tal um qQxi de Ta205 are 1§lgectl vely forned,

preferably in%® Qﬂlclﬂ”c?r?'e‘t ¥ @5 'S PRETFA e?%??%"li $ow absorption and a

smal | nunber of scattering centers. 35 By suitable selection of the | ayer

desi gn of he Is t 0,29 he n nber of s, been n as 9
| ayers in %&’ﬂﬁ Zt]}b?/ %Vé%%lggéa Se Pag§n V@es?ﬁ)};ﬁ%l @1t & 5r

cut-off fil tercef abepﬂ(hspm&rfddcte}i sCVD gae’nhd’)diat fieningnbitl tr:(et5$ramte‘dDMo
(wavel engt h di I\QAI\Bi i X\ o f a i
particul ar DV\BK)S ense o wave eng IVI SQ@&&;Q Q)?ek%srfe'&?fjerggtw ng hi
optical qual i BACHP t hepbpinzal a§§b§t¢dt es:he\mwatlhou@hP@he d@‘p@ﬁtlltgwnhas

been descri beﬁ\eQ'PloH@e tae}fd s pmﬁv@ Pl B Bnd NAURRENEYE MBhBAG caht K3pRet
restricted to  thig can advant ageously be carried out uSing

PACVD (pl%%mdggﬁsﬁté@“éhé‘rﬁt@éﬂ Svapor deposition) nethods and PECVD
(pl asma enhanced chem cal vapor 10 deposition) nmethods. Furthernore, it is

R ch has e CHRERSIS oct Fo e AROUFAGARS | ERRor HERI L G o OFhe
halogen atoms or halogen compounds ‘which has been
discovered to be advantageous is not restricted to the

15 chemical deposition methods which have been presented,
but rather can- also be observed in other application
methods.



15 chem cal deposition nethods which have been presented, but rather can-
al so -be observed in other application nethods. 2 9 MAR 2005 - 13 Patent
claims 1. An optical substrate, conprising 5 a substrate, on which one or
nore | ayers which influence the propagation of |ight are arragoge® 200§
whi ch at | east one of the |ayers conprises hal ogen atons or a hal ogen
conpound and a ni obium or tantalum contgini ng conpound. 10 2. An opti cal

substrate conprising a substrate, on which one or nore |ayers which
i nfl uence théégﬁﬂoﬁgﬁﬂﬁjon of light are arranged, in which at |east one of

the layers c nprlies h %g tgns or a haLogen conmpound, the
proportion of"the nh%P a?B tEAtEr FRBPRAFHEN in the hal ogen conpound
in tE? ISyeraapphbsﬂranethedmﬂan?ﬁe c@myrlsrngmmrﬁxﬂlé¥éﬁﬁr &hg§§ce?t by
wei g as e lay e optical substrate as
claimed in cfn %Q@e e#gé?%%aﬁé?gggﬁ gf%ﬂé 8Fetﬁ§rﬁ§98&en conpound
conpri se haIUgerlﬂhl @rt aleaasm ench ofastheseleygerd faompritdes gma) :
consi sting oft&hd ok ng, hEhHBéhn@omgéﬂﬂhngﬂﬁn$h%idﬁ%ﬂﬁm’&Pg% gres of

chlorine, fluorine, brom ne and e optica
claimed in GRVALIRIRG ROMEOYRA S wherein the halogen atons or the hal ogen
30 conmpoand are arranged in an interference |ayer, by which the

phase-front velogg%y o% thg ht transmtted through the interference
layer is infduen OBt 1FR ThFaEGh SR HNG| 51 nedPFRrekEe, ofothe 35

precedi ng clwiiinh wheeelnorhermnubluaaqembalnwhgch influence the

propagation of light are arranged,
in which at least one of the layers comprises halogen

15 atoms or a halogen compound, the proportion of the
halogen atoms or of the halogen in the halogen compound
in the layer applied to the substrate comprising no
more than 1 percent by weight, based on the material of
the layer.

20
3. The optical substrate as claimed in claim 1,
wherein the halogen atoms or the halogen compound
comprise halogens which are in each case selected from
the group consisting of chlorine, fluorine, bromine and

25 iodine and mixtures of chlorine, fluorine, bromine and

iodine.

4. The optical substrate as claimed in one of claims
1 to 3, wherein the halogen atoms or the halogen

30 compound are arranged in an interference layer, by
which the phase-front velocity of the light transmitted
through the interference layer is influenced.

5. The optical substrate as claimed in one of the

35 preceding claims, wherein  the niobium-containing

compound is niobium oxide, preferably Nb,Os, which is

arranged in an interference layer, by which the phase-

front velocity of the light transmitted through the
AMENDED SHEET



conpound i s niobium oxi de, preferably Nb205, which is arranged in an
interference | ayer, by which the phase- front velocity of the |ight
trransmtted through the AMENDED SHEET 2 9 MAR 2005 - 14 interference

|l ayer is influenced. 6. The optical substrate as clainmed in odd &ARt20S,
precedi ng clains, wherein the tantal um centgi-hing 5 conpound is tantal um
oxi de, preferably Ta205, which is arranged in an interference |ayer, by
whi ch the phaseterforenge| beyey bf inéleeghRediransmitted through the
interference layer is influenced. 10 7. The optical substrate as clained in
one of the preceding clains, which also includes a |ayer which _ conprises
a ni obi um corfai ni TRF cORSdGRd aRBPREFBEEN 2%t 648 18eda kRl ®jen eénpomd. 15

8|. The oIot |d qurérbml im@m_@%i@isai medhkRe@ne oﬁniéhe td@fmaﬂﬁr@o&dﬂm%m gh
al so inclpudes_ a | aye i cqnpri ses. a tantal um contai ni ng conmpound an
hal ogen toﬁf%ﬁogb%aFﬁg%ﬁqﬁﬁﬁﬁhnﬁﬁl%%'QPr?%ﬁrgbﬁycéthébsW%&F@ ass
claimed in orermdndgde ipr enedinng rdleaicte Vet n lay phhiahi theofpHayers are
arranged on t bstrat nd_ega have different .refractive index than
at |least one a fggeﬁkl 5353. %§ %QEET égﬁﬁti%5PH§GB§F?§te€%5°%$%iHgﬁain
claim9,, whartEnfatenaptiaywdr substinflwensed. nultiple interference filter

which acts as a cut-off filter for transmtted and/or reflected light. 30

11. The ogtical substrate as_clained in claim9, wherein the optical
substrat®is 7a multhel ePtifper reteterate | Bor whfthedctis agna bahd-thess
filter for trersditdedconinef| egheeh! iMoo 3aciddeEheaoptd s shsty ate as
clainmed in claim.@9, erei he optical, substrate is a nultlgle

wherein I
i nt er f er ence TSP Sthi éh &&Pélgg—go NG ¢ spmpgund and  halogen

atoms or a halogen compound.

15 8. The optical substrate as claimed in one of the
preceding claims, which also includes a layer which
comprises a tantalum-containing compound and halogen

atoms or a halogen compound.

20 9. The optical substrate as claimed in one of the
preceding claims, wherein a plurality of layers are
arranged on the substrate and each have a different
refractive index than at least one adjacent layer.

25 10. The optical substrate as claimed in claim 9, .
wherein the optical substrate is a multiple
interference filter which acts as a cut-off filter for
transmitted and/or reflected light.

30 11. The optical substrate as claimed in claim 9,
wherein the optical substrate is a multiple
interference filter which acts as a band-pass filter

for transmitted or reflected light.

35 12. The optical substrate as claimed in claim 9,
wherein the optical substrate is a multiple
interference filter which acts as a gain-flattening
filter. '

AMENDED SHEET



filter. AMENDED SHEET 2 9 MAR 2005 - 15 13. The optical substrate as
claimed in one of the preceding clains, wherein the optical substrate is a
VWDM (wavel ength division multiplex) filter, in 5 particular DWDM ( dense
wavel ength division nultiplex) filter. 10 14. A nethod for gﬁowi:'?

optical substrates, conprising the appliqgtlon of a layer to a substrate,
in which the | ayer conprises hal ogen atons or a hal ogen conpound and a

ni obi um or tantalum containing conpound. 15. A nethod for producing

optical substrytesshe 15pe@BRli Sdulgsthec@ppls calaomeal fnl sy b@ athe
compound, |t hETHHOS ofit 8t iEhe TN AREmEoR CERG. TRSIAL nithe

al ogen conp WGV edled) I Wi idrhe inaltex) n t ewyer amunting
hal owmd WGl appl i el drhe suist i fiel ¢ i [
to no norg than

2 i gh b : [ f I :
16. "The. et n Hore peae P S5 P LR Ef R S T Wl et YT

or 15, wher eifii ittteer .hal ogen atons or the hal ogen conpound conpri se hal ogens
which are 25 selected fromthe group consisting of chlorine, fluorine,
brom ne and iodine. 17. A method for producing an optical substrate, in
particul ar as4l aifedmeihede of 0F| aipEeduCing 16,0830 €dhpr i SHFF Rates
application Qonphdiaely tohd@ appsitateonWihai nakledesta@ B GhivyaLAY ai ni ng
conpound. 18. The method for producing ag optical substrate as clained in
clai m 17 0wherei n the ni obi uktol éF%r1 85 tIWPHurftPTRI W obi dRIBaSE,

preferably Na2Qms Wi ch Hasl ogpert angesbund asnd nkenfebénme loayerantdalusy ch t he

phase- fronté@%éﬁ?&ﬂﬁéﬁééﬂy%ddéﬂ“ transmtted through the

15. A method for producing optical substrates,
15 comprising the application of a layer to a substrate,
in which the layer comprises halogen atoms or a halogen
compound, the proportion of the halogen atoms or the
halogen in the halogen compound which are applied to
the substrate in the layer amounting to no more than 1
20 percent by weight, based on the material of the layer.

16. The method for producing an optical substrate as
claimed in claim 14 or 15, wherein the halogen atoms or
the halogen compound comprise halogens which are
25 selected from the group <consisting of chlorine,

fluorine, bromine and iodine.

17. A method for producing an optical substrate, in
particular as claimed in one of claims 14 to 16,
30 comprising the application of a layer to a substrate

which includes a niobium-containing compound.

18. The method for producing an optical substrate as
claimed in claim 17, wherein the niobium-containing
35 compound is niobium oxide, preferably Nbz0s, which is
arranged in an interference layer, by which the phase-
front velocity of the light transmitted through the

interference layer is influenced.



interference layer is influenced. 2 9 MAR 2005 - 16 19. A nethod for
produci ng an optical substrate, in particular as clainmed in one of cIainB
14 to 18, conprising the application of a |layer which includez

t ant al um cont ai ni ng conpound. 20. The nethod for producing an tMﬁamms
substrate as clained in claim19, whergign-the tantal um containing
conpound is tantal um oxi de, preferably Ta205, which is 10 arranged in an
interference | ayer, by which the phase- front velocity of the |ight
transmtted 1%r oulgh ntertélod nferf ererbedrayenni sopmictmbmsadbstzhte'[helﬁet hod

for pr odu0| %é%c ul:&tgﬂﬁ@d as, 13,& a c'tlﬁlf?@e of, c%gl NBg 14 to
ura

20, wher ei n | ayers are arrange e substra € and’ each
have a ref r%&mpx/:esim@iekhaha@@lus:a@h@mg@f c@mba]sfeu woish |lgesitudemea

adj acent gl ayedntal df-Ednt glaimed in one of clains 14 to 21,
wherein the nethod 1s a %@Dﬁﬁp? ]l?ra assi sted chenical vapor depositi on)

met hod. 23. The nethod as clainmed in one of clains 14 to 22, 25 wherein

the nethod iz a Pﬁcé/Dm(a_lehaanvf&n C%Bssdcghgma@ﬁlogy@p@él depesiiien) 4t hod,
in particular, a sma uI se

t hq cursor gases vvlth a
hal ogen co ea e Efse 3]6 2 Tﬁ’g%ﬁ@tlﬁodtlag ézlaa}tr‘?g]dm? ARG 22 or
23, V\/nerei rednisoured hod |t$marhumdoMe,at paepéeabmlye TQafzoEIOWthh051§0 10

nbar , gub ra y 0 NbCl 5
concent ratl ?n{%%r?g%(?g%% Ef t%(f(%eﬂpltche pr ec"ldr s& gas 2ch %% I\/Iﬁ%‘

(hexadi met hylxfirs; | ﬁﬁa@t@)ltcion@éntﬁffaﬁtl drighft f roanemitted SO8swgh hechpr ecur sor
gas, a nean iR ROy i romhddcd®, 20 kWand with a gas flowrate

of from50 to 10,000 sccm™ AMENDED SHEET
21. The method for producing an optical substrate as
15 claimed in one of claims 14 to 20, wherein a plurality
of layers are arranged on the substrate and each have a
refractive index which is changed compared to at least -

one adjacent layer.

20 22. The method as claimed in one of claims 14 to 21,
wherein the method is a PACVD (plasma assisted chemical
vapor deposition) method.

23. The method as claimed in one of claims 14 to 22,
25 wherein the method is a PECVD (plasma enhanced chemical
vapor deposition) method, in particular a plasma
impulse CVD method, in which precursor gases with a

halogen compound are used.

30 24. The method as claimed in claim 21, 22 or 23,
wherein the method is carried out at a pressure of from
0.05 to 10 mbar, a substrate temperature of
approximately 100 to 600°C, an NbCls concentration of
from 0.1 to 50% 1in the precursor gas, an HMDS

35 (hexadimethyldisiloxane) concentration of from 0.1 to
50% in the precursor gas, a mean microwave power of
from 0.0l to 20 kW and with a gas flow rate of from 50
to 10,000 sccm.

AMENDED SHEET



2 9 MAR 2005 - 17 25. The nethod as clained in claim?21, 22 or 23,
wherein the nethod is carried out at a pressure from 0.01 to 1 nbar, a
substrate tenperature of 5 approxinmately 150 to 300C, an Nbd 5 :
concentration of fromO0.2 to 5% in the precursor gas, an HVDSHS MAR 2005
(hexadi net hyl di si |l oxane) concentration of fromO0.25 to 15%in the
precursor gas, a nean mcrowave power of fromO.1 to 5 kWand wth a gas
flowrate of from100 10 to 2000 scém’ 26. The nethod as clained in claim
21, 22 or 23, wherein the nethod is carried out at a pressure of
approximately 0.2 nbar 10% a substrate tenperature 15 of approxinmately
200C 10% 2. NoThe amidwd r asi oflatmedppioxiferidt y 249, 28% PA thd

precur sor aﬁ%r@{h HVRSO md diescdi getdy iy | e%enak coNpeBkikaideont Sm
approximately 3% 10%in the precursor gas, a nean m crowave powe of

appr oxi mat 140D, 5 kW 0% P th & gaUIIRR Y%t e TIPUFREHT oxi Mat el y 500
sccm 18% approximately 150 to 300°C, an NbCls concentration of

from 0.2 to 5% in the precursor gas, an HMDSO

(hexadimethyldisiloxane) concentration of from 0.25 to

15% in the precursor gas, a mean microwave power of

from 0.1 to 5 kW and with a gas flow rate of from 100
10 to 2000 sccm.

26. The method as claimed in claim 21, 22 or 23,
wherein the method 1is carried out at a pressure of
approximately 0.2 mbar * 10%, a substrate temperature
15 of approximately 200°C * 10%, an NbCls concentration of
approximately 2% * 10% in the precursor gas, an HMDSO
(hexadimethyldisiloxane) concentration of approximately
3% £ 10% in the precursor gas, a mean microwave power
of approximately 0.5 kW * 10% and with a gas flow rate
20 of approximately 500 sccm £ 10%.



